The objective of this study was to develop an optimal evaluation system for collocating photovoltaic (PV) modules and power conditioners by using the extension engineering method. The matter-element model and correlation functions of the extension theory were adopted as the basis of the proposed extension evaluation system, which was then used to develop a multilevel evaluation model for PV modules and PV power conditioners. The extension evaluation system was used to evaluate and test numerous PV modules and power conditioner products that are commonly employed and commercially available in Taiwan. First, a PV module matter-element model was established based on price, power temperature, size, and weight, and a PV power conditioner matter-element model was established based on input voltage range, maximum power point tracking (MPPT) voltage range, number of MPPT units, minimum operating voltage, and maximum input current. Second, the weighting values of the various characteristics in the extension method were determined according to numerous consideration factors of the PV modules and power conditioners. Finally, the values of the degree of correlation between numerous user preferences and the various PV modules and power conditioner brands were calculated using correlation functions to determine the key components of PV power generation systems (PV-PGSs) that corresponded to user preferences. The test results confirmed that the proposed extension evaluation system can determine the optimal collocation for the key components of the PV-PGSs under different user preference settings.
Introduction
The design and configuration processes of photovoltaic power generation systems (PV-PGSs) are extremely complicated, causing interested engineers to withdraw from the field of renewable energy applications. In particular, collocating series and parallel photovoltaic (PV) arrays by using appropriate PV power conditioners to comply simultaneously with safety regulations and maximize the power generation efficiency is a major problem for designers. When designing PV-PGSs, the key technologies that designers must consider include: (1) the fitness between power conditioner capacitance and system setup capacitance, (2) collocating PV arrays with either multistring or single-input power conditioners, (3) brand and type of PV modules employed in PV-PGSs, and (4) designing the number of series and parallel units on PV modules [1] . The selection of the best PV module for the PV system design by using an analytical hierarchy process (AHP) was presented in Reference [2] . After considering electrical, mechanical, financial, environmental, and customer satisfaction performance of each PV module, one can select the most appropriate PV modules in different location or countries. However, this
Extension Theory
Prof. Tsai Wen, a Chinese scholar, introduced the extension theory in 1983 [6, 8, 9] . This theory combines the matter-element theory with extension mathematics. The matter-element theory primarily promotes computation and inference processes based on potential event changes, matter element conversion, and matter element transformation. By contrast, extension mathematics promotes computation and inference processes based on mathematical systems created from extension sets, correlation functions, and extension logic. In the extension theory, a matter-element model, in which the qualitative and quantitative relationships of events undergo matter element conversion, is established. Correlation functions are then calculated to determine the degree of correlation between quality, quantity, and events.
Classical mathematics is typically employed to classify events into specific membership sets. In this method, binary logic is used in the classification process, where 1 represents a match and 0 represents a mismatch. However, classification becomes ambiguous in the fuzzy zones, rendering the classical mathematics method obsolete. The extension theory expands binary logic into a multifunctional logic by using correlation functions to express event characteristics clearly. In other words, the extension theory uses real numbers that range from −∞ to ∞ to determine the relationships that specific elements have on the membership grade of event characteristics. These real numbers are also called the correlation degree that elements have on the membership set of the event characteristics.
If the values of the degree of correlation are not normalized, a greater correlation degree indicates that the event matches the specific characteristics better, whereas a smaller correlation degree, even negative, represents more of a mismatch. A correlation degree between −∞ and ∞ represents the degree of correlation between the element and event property.
Basic Theory of Matter Elements
Names and characteristics are typically assigned to events to distinguish between different event types and phenomena. Even similar events may demonstrate differences in style, pattern, or construct. The extension theory uses matter-element models to present such differences. The matter-element math table can be expressed as follows:
where R represents the basic element of an event (alternatively called a "matter element"), N represents the event name, C represents the event characteristic, and V represents the characteristic value. Furthermore, N, C, and V constitute the three factors of matter elements. If R presents n number of characteristics, the characteristics and characteristic values can be expressed in vector form. 
Extension Set Theory
When the characteristic value is a range, this range is denoted as the classical domain, which is confined within the range of a neighborhood domain. Assume a zone of F 0 = <a,b>, F = <g,h>, and Energies 2018, 11, 2523 4 of 24 F 0 ∈ F. If F 0 is a random point in F, then F 0 = <a,b>. The corresponding matter elements can thus be expressed as follows:
where c n represents the characteristic of F 0 , v n denotes the characteristic value of c n (also called the classical domain), a n represents the lower bound of the classical domain, and b n denotes the upper bound of the classical domain. The matter elements (R F ) corresponding to the neighborhood domain (F) can be expressed as follows:
where C m represents the characteristic of F, V m denotes the characteristic value of C m , g n represents the ceiling of the neighborhood domain, and h n denotes the floor of the neighborhood domain.
As shown in Table 1 , classical sets use a two-value concept (i.e., 0 and 1) to determine whether events possess specific characteristics. The fuzzy theory uses a membership function to assign the degree of membership of fuzzy sets within a range of 0-1. In contrast to fuzzy sets, which demonstrate a range of 0-1, extension sets expand the set range to −∞ to ∞, which can also be used to explain the characteristic degree. 
Extension Correlation Functions
An extension correlation function is a type of extension set that describes two or more domains based on the correlation degree and variability of the elements within the domains. To establish the correlation functions in real domains, the distance concept of real variable functions must be converted to "distance" concepts. In the extension theory, the classical domain F 0 = [a,b] and neighborhood domain F = [g,h] are the two zones of the real domain [−∞,∞], where F 0 ⊂ F. Assuming x is a point in the real domain, then the correlation functions can be defined as follows:
where
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The greater the value of the correlation function k(x), the higher the correlation degree between element x and the interval in question is. The extension correlation function of x is shown in Figure 1 . Furthermore, k(x) represents the degree of correlation between x and F 0 . When k(x) ≥ 0, k(x) can be considered the degree of membership of x in F 0 .
The greater the value of the correlation function k(x), the higher the correlation degree between element x and the interval in question is. The extension correlation function of x is shown in Figure 1 . Furthermore, k(x) represents the degree of correlation between x and F0. When k(x) ≥ 0, k(x) can be considered the degree of membership of x in F0. 
Extension Decision Procedures
Regarding the extension evaluation system proposed in the present study, a Matlab computer calculation program (R2016a, MathWorks, Natick, MA, USA) was used to develop a decision optimization system. The procedures involved in calculating the evaluation system are described as follows:
Step 1: Based on the characteristics and characteristic value ranges of the various classified events, establish a classical domain matter-element model (F0) and corresponding neighborhood domain matter-element model (F) for each event.
Step 2: Establish the test matter elements and a matter-element model by using the characteristic values of these test matter elements, as expressed in Equation (9) .
Step 3: Use Equations (5) and (8) to calculate the correlation functions (
) between the various characteristics within the test matter elements ( x R ) and the matter-element characteristics of the various events ( j ).
Step 4: Based on the significance of the characteristics, award a weighting value ( 
Step 1: Based on the characteristics and characteristic value ranges of the various classified events, establish a classical domain matter-element model (F 0 ) and corresponding neighborhood domain matter-element model (F) for each event.
Step 3: Use Equations (5) and (8) to calculate the correlation functions (K ij (x)) between the various characteristics within the test matter elements (R x ) and the matter-element characteristics of the various events (j).
Step 4: Based on the significance of the characteristics, award a weighting value (W j=1,2,··· ,n , where n represents the number of characteristics) to each of the characteristics.
Step 5: Calculate the degree of correlation between the test matter elements (x) and various events (i) by using Equation (10) . where m represents the number of classified events.
Step 6: Determine suitable events based on the calculation results. An increased correlation value (K i (x)) represents a greater correlation between test matter element (x) and the matter element of the event. An increased correlation represents a higher degree of suitability. Suitability can be expressed as follows:
As for how to use the proposed extension method, the detail is also presented as a flowchart in Figure 2 .
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As for how to use the proposed extension method, the detail is also presented as a flowchart in Figure 2 . 
Optimal PV Module Selection for the PV-PG
PV modules are affected by irradiation intensity and temperature. Therefore, the effects of the open-circuit voltage temperature and maximum power point temperature must be considered when designing the selected process. In this context, key parameters of PV modules must first be identified. The parameters serve as element characteristics, each receiving a weighting value. The extension theory is then employed to select the most suitable PV module. Simultaneously, the weighting values of the various element characteristics can be changed according to the degree of importance users place on the key parameters, thereby determining the most suitable PV module under different circumstances. The evaluation method employed in the present study is detailed in the following section.
Collecting PV Module Data and Selecting Characteristic Values
The present study used 305-W monocrystalline and polycrystalline PV modules and 130-160-W copper indium gallium selenide (CIGS) PV modules, which are commercially available in Taiwan [7] , as the sample population. However, environment temperatures may cause the output voltage of the PV modules to fluctuate, where a reduced output voltage decreases the overall output power of the PV array. This is a considerable loss for wholesale power capacity. Thus, the coefficient of the power temperature of the modules is a key factor when selecting PV modules. In densely populated countries like Taiwan, the average households typically occupy a limited plot of land; therefore, such households prefer PV-PGSs that employ compact PV modules. However, these PV modules must also demonstrate high conversion efficiencies to achieve the expected generation capacity for consumption or sales. Therefore, the extent of PV modules is a key factor in the selection process. Because the conversion efficiency of the module is related to its size (area), considering its size as a factor here is already considering its conversion efficiency. The PV-PGS promotion policy in Taiwan encourages users to install PV-PGSs on the rooftops of their homes. However, previous construction regulations were not as stringent as present regulations; furthermore, the load-bearing capacity of buildings must be considered before installing PV-PGSs on rooftops. If buildings cannot bear the weight of an entire PV-PGS and require structural reinforcement, which is extremely costly, users may become reluctant and withdraw from installing these systems. Therefore, module weight is also a key factor in selecting PV modules. In addition to the electrical parameters and specifications, the price of PV modules is also a key factor of consideration for both the industry and individual users. A reduced product shipping price increases profits for the vendor and decreases the cost price for the buyer, who may then use the surplus funds for other purposes. Therefore, module price is a key factor to consider.
In summary of the aforementioned consideration factors, this study collected the PV module data from various manufacturers and compiled these data as shown in Table 2 [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . 
Establishing the Extension Matter Elements for the PV Module
The PV module consideration factors highlighted in the previous section serve as the characteristics in developing the matter-element model. However, the generation efficiency of the PV modules differs depending on the module material and power size. This study classified and compared the PV modules. PV modules with similar materials or similar power sizes were classified into groups and expressed as matter elements. For example, the classical domain matter elements of the 305-W polycrystalline PV module produced by Manufacturer A [7] can be expressed as follows:
Grading the PV Modules
This study classified the 305-W polycrystalline PV modules into six classes based on price, power temperature, size, and weight. Table 3 shows the grades for each class. Only a few 305-W monocrystalline PV module and CIGS module brands are commercially available in Taiwan and were therefore classified into Classes 5 and 3, respectively. The grades of the classical domain and neighborhood domain matter-element models of the various PV modules listed in Table 2 are discussed in the Appendix.
According to the classical domain of the Appendix A.1, its neighborhood domain can be obtained from Section 3.2 as follows:
According to the classical domain of the Appendix A.2, its neighborhood domain can be obtained from Section 3.2 as follows: According to the classical domain of the Appendix A.3, its neighborhood domain can be obtained from Section 3.2 as follows:
Results of the PV Module Selection
This study conducted a selection test for module optimization by using the extension method based on factors of price, power temperature, size, and weight, as well as the importance users placed on these factors. The decision-making method proposed in this paper does not require training data, nor does it require a training process. After the system development is completed, as long as the users input the maximum and minimum range of electrical specification data of PV modules and power conditioners, they can find out the optimal combination of PV modules and power conditioners. Therefore, the engineers can find out the optimal combination of system equipments without even knowing how the evaluation method works.
Selection Results for Price as the Primary Factor of Consideration
When the order of importance users placed on the four factors were, in sequence, price, power temperature, size, and weight, the characteristic weighting values for these factors were set at 0.5, 0.25, 0.15, and 0.1, respectively. The selection test results for similar PV modules listed in Table 2 are separately shown in Figures 3-5; these selection results were derived using the extension method. The performance levels of the modules were evaluated using the extension method and the results indicate that the modules with increased correlation degrees were the more favorable candidates for selection. As shown in Figure 3 , when price was the primary factor of consideration for the 305-W polycrystalline PV modules listed in Table 2 , Module F was the most favorable candidate for selection because it demonstrated the highest degree of correlation (0.534852). By contrast, Module C was the least favorable candidate because its degree of correlation was the lowest (−0.438781) among the modules. As shown in Figure 5 , CIGS Modules N, O, or P were the most favorable candidates for selection when price was the primary factor of consideration. 
Selection Results for Power Temperature as the Primary Factor of Consideration
When the order of importance users placed on the four factors were, in sequence, power temperature, price, size, and weight, the characteristic weighting values for these factors were set at 0.5, 0.25, 0.15, and 0.1, respectively. The selection test results for similar PV modules listed in Table 2 are separately shown in Figures 6-8 ; these selection results were derived using the extension method. The performance levels of the modules were evaluated using the extension method, and 
When the order of importance users placed on the four factors were, in sequence, power temperature, price, size, and weight, the characteristic weighting values for these factors were set at 0.5, 0.25, 0.15, and 0.1, respectively. The selection test results for similar PV modules listed in Table 2 are separately shown in Figures 6-8; these selection results were derived using the extension method. The performance levels of the modules were evaluated using the extension method, and results indicated that the modules with increased correlation degrees were the more favorable candidates for selection. As shown in Figure 6 , when power temperature was the primary factor of consideration for the 305-W polycrystalline PV modules listed in Table 2 , Module D was the most favorable candidate for selection because it demonstrated the highest degree of correlation (0.426369) among the modules. By contrast, Module C was the least favorable candidate because it had the lowest degree of correlation (−0.683973) among the modules. These selection results were not consistent with those obtained when price was the primary factor of consideration. As shown in Figure 8 , the CIGS Modules N, O, or P were the most favorable candidates for selection when power temperature was the primary factor of consideration, and these results were consistent with those obtained when price was the primary factor of consideration. This was primarily because power temperature imposed a limited effect on the power output of the CIGS modules.
had had the lowest degree of correlation (−0.683973) among the modules. These selection results were not consistent with those obtained when price was the primary factor of consideration. As shown in Figure 8 , the CIGS Modules N, O, or P were the most favorable candidates for selection when power temperature was the primary factor of consideration, and these results were consistent with those obtained when price was the primary factor of consideration. This was primarily because power temperature imposed a limited effect on the power output of the CIGS modules. 
Selection Results for Size as the Primary Factor of Consideration
When the order of importance users placed on the four factors were, in sequence, size, price, power temperature, and weight, the characteristic weighting values for these factors were set at 0.5, 0.25, 0.15, and 0.1, respectively. The selection test results for similar PV modules listed in Table 2 are separately shown in Figures 9-11 ; these selection results were derived using the extension method. The performance levels of the modules were evaluated using the extension method, and the results 
When the order of importance users placed on the four factors were, in sequence, size, price, power temperature, and weight, the characteristic weighting values for these factors were set at 0.5, 0.25, 0.15, and 0.1, respectively. The selection test results for similar PV modules listed in Table 2 are separately shown in Figures 9-11 ; these selection results were derived using the extension method. The performance levels of the modules were evaluated using the extension method, and the results indicate that the modules with increased correlation degrees were the more favorable candidates for selection. As shown in Figure 9 , when size was the primary factor of consideration for the 305-W polycrystalline PV modules listed in Table 2 , Module F was the most favorable candidate for selection because it demonstrated the highest degree of correlation (0.317350) among the modules. By contrast, Module C was the least favorable candidate because it had the lowest degree of correlation (−0.170189) among the modules. As shown in Figure 11 , the CIGS Modules N, O, or P were the most favorable candidates for selection when size was the primary factor of consideration. Figure 8 . Selection results for the CIGS PV modules when power temperature was the primary factor of consideration.
When the order of importance users placed on the four factors were, in sequence, size, price, power temperature, and weight, the characteristic weighting values for these factors were set at 0.5, 0.25, 0.15, and 0.1, respectively. The selection test results for similar PV modules listed in Table 2 are separately shown in Figures 9-11 ; these selection results were derived using the extension method. The performance levels of the modules were evaluated using the extension method, and the results indicate that the modules with increased correlation degrees were the more favorable candidates for selection. As shown in Figure 9 , when size was the primary factor of consideration for the 305-W polycrystalline PV modules listed in Table 2 , Module F was the most favorable candidate for selection because it demonstrated the highest degree of correlation (0.317350) among the modules. By contrast, Module C was the least favorable candidate because it had the lowest degree of correlation (−0.170189) among the modules. As shown in Figure 11 , the CIGS Modules N, O, or P were the most favorable candidates for selection when size was the primary factor of consideration. 
Selection Results for Weight as the Primary Factor of Consideration
When the order of importance users placed on the four factors were, in sequence, weight, price, size, and power temperature, the characteristic weighting values for these factors were set at 0.5, 0.25, 0.15, and 0.1, respectively. The selection test results for similar PV modules listed in Table 2 are separately shown in Figures 12-14 . The performance levels of the modules were evaluated using the extension method, and the results indicated that the modules with increased correlation degrees were the more favorable candidates for selection. As shown in Figure 12 , when weight was the primary factor of consideration for the 305-W polycrystalline PV modules listed in Table 2 , Module F was the most favorable candidate for selection because it exhibited the highest degree of correlation (0.800558) among the modules. By contrast, Module B was the least favorable candidate because it demonstrated the lowest degree of correlation (−0.017436) among the modules. As shown in Figure  14 , the CIGS Modules L or M were the most favorable candidates for selection when weight was the primary factor of consideration. 
When the order of importance users placed on the four factors were, in sequence, weight, price, size, and power temperature, the characteristic weighting values for these factors were set at 0.5, 0.25, 0.15, and 0.1, respectively. The selection test results for similar PV modules listed in Table 2 are separately shown in Figures 12-14 . The performance levels of the modules were evaluated using the extension method, and the results indicated that the modules with increased correlation degrees were the more favorable candidates for selection. As shown in Figure 12 , when weight was the primary factor of consideration for the 305-W polycrystalline PV modules listed in Table 2 , Module F was the most favorable candidate for selection because it exhibited the highest degree of correlation (0.800558) among the modules. By contrast, Module B was the least favorable candidate because it demonstrated the lowest degree of correlation (−0.017436) among the modules. As shown in Figure 14 , the CIGS Modules L or M were the most favorable candidates for selection when weight was the primary factor of consideration. 
Optimal Power Conditioner Selection for PV-PGSs

Collecting Power Conditioner Data and Selecting Characteristic Values
Power conditioners may differ depending on brand and product specifications. Therefore, the maximum power point tracking (MPPT) voltage range, number of MPPT units, input voltage range, 
Optimal Power Conditioner Selection for PV-PGSs
Collecting Power Conditioner Data and Selecting Characteristic Values
Optimal Power Conditioner Selection for PV-PGSs
Collecting Power Conditioner Data and Selecting Characteristic Values
Power conditioners may differ depending on brand and product specifications. Therefore, the maximum power point tracking (MPPT) voltage range, number of MPPT units, input voltage range, starting voltage, and size of input current are factors of consideration during the selection of power conditioners. When these key parameters are converted into matter elements, the weighting values of these elements can be analyzed using the extension theory to determine the optimal power conditioner. In addition, the weighting values of the matter elements can be modified according to numerous user-specified factors to determine power conditioners that comply with different user demands.
Specifications of the most commonly used power conditioner products can be collected from the PV inverter registry website [7] hosted by the Bureau of Energy, Ministry of Economic Affairs. The power conditions registered on the website are those inspected and approved by the Bureau of Energy, Ministry of Economic Affairs. However, because an excessive amount of power conditioners are registered on the website, the current study used the 5-kWp power conditioners that are commercially available in Taiwan [5] as the sample population. Table 4 lists the eight most commonly used power conditioner models that are commercially available in Taiwan and their specifications [20] [21] [22] [23] [24] [25] [26] [27] . The parameters of these power conditioners were selected as the characteristics for the power conditioner selection. 
Defining the Power Conditioner Matter-Element Model
Based on the various characteristics of the sample population of the power conditioners, the input voltage range, MPPT voltage range, number of MPPT units, starting voltage, and maximum input current of the power conditioners can be described using the five-dimension matter-element model expressed in Equation (13), where < a ij , b ij > represents the range of the various characteristic values (i.e., classical domain of the matter-element model).
where the neighborhood domain can be expressed as follows: 
When the definitions of the aforementioned model are used, the matter-element models of the various power conditioner models listed in Table 4 can be created according to their characteristic value ranges.
Selecting the Weighting Values
This study employed an analytical hierarchy process (AHP) [28] to determine the weighting values used in the proposed power conditioner extension evaluation system. The power conditioner extension evaluation system was processed using the AHP and the resulting weighting values for the input voltage range, MPPT (maximum power point tracking) input range, numbers of MPPT units, starting voltage, and maximum input current were 0.3, 0.383, 0.163, 0.06, and 0.094, respectively.
Selection Results for Power Conditioners Using the Extension Method
Based on users' capacity demands, this study first arranged the 5-kWP PV modules listed in Table 2 into series and parallel PV arrays (Table 5 ). Table 6 shows the test results for selecting the optimal power conditioner by using the series/parallel PV arrays using the extension evaluation system and series/parallel PV arrays tabulated in Table 5 . Among the eight power conditioners corresponding to the 5-kWp PV array produced using Module B (Table 5) , Power Conditioners #3 and #7 demonstrated the highest correlation degree (0.209157) and were thus the optimal power conditioners. A similar method could be applied to identify the optimal power conditioners for the remaining PV arrays. 
Optimal PV-PGS Collocation
Creating PV-PGSs with an optimal PV module/power conditioner collocation is a key topic of discussion in related fields. Therefore, optimal collocation may vary depending on different factors of consideration of the users. In other words, even when the same PV modules are employed, different power conditioners may be required to optimize the PV-PGS for specific user demands. Based on the different factors of consideration presented in Section 3, the current study employed the extension evaluation system to select candidate PV modules shown in Table 2 . The power conditioner selection optimization method presented in Section 4 was then employed to develop an optimal collocation strategy for the PV-PGSs.
Based on the different factors of consideration presented in Section 3, this study first employed the extension evaluation system to select the candidate PV modules shown in Table 2 and produce compact PV arrays suitable for household use. These candidate PV modules were arranged in series and parallel to form the 5-kWp PV arrays. Table 7 shows the module number, wattage, material and structure, quantity of the series/parallel PV modules, and MPPT values required for the power conditioners. Table 8 tabulates the optimal PV-PGS collocation test results, where the compact 5-kWp PV arrays produced using the candidate PV modules shown in Table 7 were combined with the power conditioners selected using the optimal power conditioner selection method presented in Section 4. For example, as shown in Table 8 , the degree of correlation between the compact 5-kWp PV arrays produced using Module I and Power Conditioner #3 was 0.232581, which was the highest correlation value among all the power conditioner brands. In other words, this collocation of the PV array and power conditioner was the optimal selection. 
Conclusions
This study employed the extension evaluation system to evaluate and select precedent PV modules, which were arranged into compact 5-kWp PV arrays for determining the optimal PV module/PV power conditioner collocation in developing compact PV-PGSs. An extension evaluation model for selecting power conditioners was also developed and used for determining the optimal power conditioner for the various PV arrays. This optimal PV module/PV power conditioner collocation strategy can resolve the challenges PV-PGS designers and installation vendors face when selecting and combining key components. Moreover, the proposed extension evaluation system permits adjusting weighting values according to user preferences to determine customized and optimized collocation.
The mathematical calculation for the proposed extension evaluation system is extremely simple and eliminates the processes of training large amounts of data. In addition, the proposed evaluation system also allows adjusting weighting values according to designer or user preferences, thereby customizing PV-PGSs and determining the optimal collocation for the key components of these systems. Therefore, for a PV-PGS design, the proposed optimal collocation strategy of the PV modules and power conditioners could not only reduce the cost of setting, but also increase the efficiency of power generation. Also, it provides a PV array configuration of the proposed solution in order to meet all the design requirements. 
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Appendix A.
The grades of the classical domain and neighborhood domain matter-element models of the various PV modules listed in Table 2 are discussed in the following section. 
